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© Decanter centrifuge for thickening at high rates. 

© A decanter centrifuge is provided with a rotat- 
able bowl and a coaxi ally-mounted conveyor which 
is adapted for rotation at a differential speed with 
respect to the bowl. The conveyor includes a central 
hub extending for at least one portion of the longitu- 
dinal length of the conveyor. A series of radially- 
extending ribs which transverse an open feed zone. 
Longitudinal ribs are also attached to the hub sec- 
tion. The longitudinal ribs and transversing ribs sup- 
porting a ribbon conveyor flight. The open feed zone 
serves to decrease turbulence during the introduc- 



tion of the feed into the bowl. The radially-extending 
ribs both outside the feed zone and the remaining 
portions of the centrifuge bowl serve to reduce tur- 
bulence within the bowl and to control acceleration 
of the feed material during separation. The overall 
structure of the centrifuge serves to decrease the 
likelihood of washout is rotodynamically stiffer and 
thus less prone to vibration, is lighter and less ex- 
pensive in construction and creates a stable opera- 
tion. 
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Field of the Invention 

The present invention relates to centrifuges, 
particularly decanter-type centrifuges. The decanter 
centrifuge of the invention includes a conveyor 
having structural elements surrounding the feed 
zone, the clarification zone toward the liquid dis- 
charge, and the discharge zone toward the solids 
discharge that improve stability, the overall opera- 
tion, particularly during thickening at high rates. 

Background of the Invention 

A decanter centrifuge generally comprises an 
imperforate bowl mounted for rotation about its 
central longitudinal axis. The bowl typically in- 
cludes a cylindrical section and a frusto-conical 
section at one end. A screw conveyor is coaxial ly 
mounted within the bowl and adapted for rotation at 
a differential speed with respect to the bowl. The 
screw conveyor typically comprises a central hub 
having a series of conveyor flights extending radi- 
ally therefrom and forming a helix along the length 
of the hub. 

The rotation of the bowl of the decanter cen- 
trifuge creates a centrifugal force which separates 
a liquid feed mixture or slurry into its constituent 
parts. The feed mixture within the bowl forms a 
cylindrical pond, with a ring or layer of the heavy 
constituent material(s) adjacent the inside bowl wall 
and a ring or layer of the lighter constituent 
material(s) radially inward of the heavy material 
layer. 

The terms "heavy phase" and "light phase" 
are often employed to describe the materials which 
are separable from the feed mixture by the applica- 
tion of centrifugal force within a centrifuge. In a 
centrifuge having a conveyor, the light phase ma- 
terial will usually be a liquid and the heavy phase 
material will usually be a mixture of solids, also 
including some liquid. The liquid feed mixture or 
slurry introduced into the bowl has a specific con- 
centration of suspended solids or other insoluble 
material therein. These solids are concentrated by 
the centrifugal force to form the heavy phase mix- 
ture within the bowl, including coarse solids, fine 
solids and liquid. Because of the variations in den- 
sity of the solids as well as the varying effect of the 
centrifugal force acting on the feed within the bowl, 
the concentration of the separated heavy phase 
(expressed as a percent solids) varies at different 
positions within the centrifuge bowl. The concentra- 
tion of the heavy materials that do not settle or 
separate from the light phase material also varies 
(expressed as milligrams per liter). The term "inter- 
face" is often employed to define the dividing line 
between the heavy and light phase layers formed 
within the bowl. The location of the interface within 



the bowl will vary depending upon the operational 
parameters of the centrifuge, the axial position 
within the bowl and the qualities of the feed mix- 
ture. In describing the operation of the centrifuge, 
s the interface is often visualized as a sharp dividing 
line. However, as presently understood, the inter- 
face in a typical liquid/solids-type separation of a 
decanter centrifuge is in the form of a concentra- 
tion gradient or transition zone of indeterminate 

to thickness. 

The discharge of the heavy phase material 
from the bowl of a decanter centrifuge is accom- 
plished as a function of the differential rotation of 
the conveyor with respect to the bowl. The differen- 

75 tial speed causes the conveyor flights to move the 
heavy phase material along the inside bowl wall 
toward the tapered end of the bowl. A discharge 
path is provided at the restricted end of the bowl, 
with the conveyor flights moving the heavy phase 

20 over a weir surface. The clarified light phase ma- 
terial typically flows in an opposite direction from 
that of the heavy phase. A light phase discharge 
path is provided in the cylindrical end of the bowl, 
with the liquid also flowing over weir surfaces. The 

25 intent of a decanter centrifuge is to continuously 
and separately discharge the heavy phase and light 
phase constituent parts of the feed mixture. 

One form of a decanter centrifuge is shown in 
Brautigam U.S. Pat No. 3,764,062. The cylindrical 

30 hub of the centrifuge conveyor includes a central 
hollow portion having a series of openings posi- 
tioned at various locations around the periphery of 
the hub. A feed tube introduces the feed into the 
hub. The feed mixture is discharged through the 

35 openings directly into the bowl. The Brautigam 
patent is herein incorporated by reference. 

Lavanchy U.S. Pat. No. 4,245,777 shows a 
variation of the Brautigam decanter centrifuge. The 
Lavanchy centrifuge includes a feed cone within 

40 the bowl, projecting from the periphery of the con- 
veyor hub. The feed cone directs the feed material 
from the openings in the conveyor hub into the 
bowl. The conical surface of the feed cone includes 
a series of accelerator veins thereon for directing 

45 the feed liquid down the surface of the cone. This 
Lavanchy patent is also incorporated herein by 
reference. 

Lee U.S. Pat. No. 3,795,361 shows in one 
embodiment a decanter centrifuge having a conical 

so feed cone within the bowl. The Lee feed cone 
projects radially outward within the bowl, through 
the interface and into the heavy phase/Solids layer. 
An alternate structure shown in Lee includes a 
baffle in the form of an annular disc. The Lee cone 

55 and disc type baffles assist in creating a centrifugal 
pressure head within the bowl to assist the dis- 
charge of the heavy phase from the bowl. This 
centrifugal pressure head is also created by posi- 
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tioning the weir surfaces of the light phase dis- 
charge path radially inward of the position of the 
heavy phase weir surfaces (known as the "spil- 
lover" position). This Lee patent is also incorpo- 
rated herein by reference. 

The projection of the annular cone or radial 
disc within the Lee-type decanter centrifuge forms 
a separating zone for the feed mixture between the 
baffle and the liquid discharge end of the bowl. On 
the opposite side of the baffle is created a dis- 
charge zone for the heavy phase. Only the heavy 
phase passes under the radial periphery of the 
baffle due to the seal formed with the heavy phase 
layer. Because of the creation of a seal at the radial 
periphery of the baffle, a pressure imbalance may 
be created within the separating zone of the bowl 
to provide a discharge force through the restricted 
passageway (formed by the baffle and the inside 
bowl wall) for the discharge of heavy phase from 
the conical bowl portion through the heavy phase 
discharge path. 

A loss of a seal between the baffle and the 
heavy phase layer in the Lee-type decanter cen- 
trifuge creates a condition called "washout". A 
washout is a sudden reduction in the solids con- 
centration being discharged from the centrifuge 
due to the underflow of both heavy and light phase 
through the restricted passage and into the dis- 
charge zone. This washout is typically visualized 
by the interface in the separating zone moving 
close to or beyond the radial periphery of the 
baffle, allowing the centrifugal pressure head to 
drive feed material into the heavy phase discharge 
end and out of the heavy phase discharge path 
from the bowl. 

A typical application for a Lee-type decanter 
centrifuge is in a thickening operation. Thickening 
is generally defined as discharging a heavy phase 
cake which is less than 10% solids. Usually the 
appearance of a thickened heavy phase is that of a 
viscous pudding. In certain thickening applications, 
difficult-to-convey materials can only be discharged 
from a decanter centrifuge by a Lee-type construc- 
tion. A dewatering-type operation, differing from 
thickening, generally includes a level of dryness in 
the discharged heavy phase that is greater than a 
10% concentration. The viscosity of the normal 
dewatered heavy phase is typically much greater 
than that of the thickening-type operation. In some 
dewatering applications, the Lee-type construction 
is not required. 

Typically, the performance of a decanter cen- 
trifuge, including the Lee-type centrifuge, improves 
with an increase in the length of the separating 
zone and/or an increase in the rotational speed of 
the bowl. Modern materials and equipment have 
permitted greater rotational speeds that result in an 
increase in the "G" level acting to separate the 



feed mixture within the bowl. However, the length 
of the bowl is typically limited by the natural fre- 
quency of the conveyor as positioned on Ms bear- 
ings. The natural frequency must be higher than 

5 the maximum operating speed in order to avoid 
destructive vibration. As a result of this physical 
relationship, typically, decanter centrifuges have in- 
cluded large diameter conveyor hubs so as to 
provide the necessary transverse and torsional stiff- 

70 ness. 

One way of increasing the length of the separa- 
tion zone in the bowl is to increase the angle of the 
frusto-conical portion of the bowl, i.e., increasing 
the angle between the beach and the axis of rota- 

is tion. A deeper pond is desirable because it in- 
creases the residence time of the feed and, thus, 
improves capacity. Deeper ponds obtained by re- 
ducing the radius of the pond surface also result in 
lower power demand by the centrifuge. This re- 

20 duced power demand is proportional to the square 
of the discharge radius for the clarified liquid and 
solids. As an example, the reduction of the pond 
radius by twenty percent will result in a 44% re- 
duction of power demanded by the centrifuge. This 

25 modification also reduces turbulence in the feed 
portion of the separation zone. 

The rate of feed into the centrifuge is also a 
determining factor in the success of the overall 
separation operation. Not only will the fixed rate 

30 affect the time for which a mixture is subject to 
centrifugal force, but such may also cause turbu- 
lence that remixes already separated heavy 
phase/solids. For example, the openings in the 
conveyor hub in the Brautigam patent (discussed 

35 above) at high rates creates jets causing turbulence 
within the feed portion of the separating zone. If 
this type feed structure is positioned adjacent a 
Lee-type baffle, secondary flows may also be cre- 
ated, resulting in relatively high velocities at the 

40 interface. Turbulence and secondary flows near the 
interface make stability difficult and a washout 
more likely. This may be particularly true where the 
viscosity of the heavy phase decreases as the flow 
velocity increases, making loss of seal more likely. 

45 

Brief Summary of the Invention 

The present invention relates to centrifuges 
and is particularly contemplated to be directed to a 

so decanter-type centrifuge for separately discharging 
light and heavy phase constituents of a feed mix- 
ture. The present invention relates to the conveyor 
portion of a centrifuge. Preferably, the conveyor of 
the present invention includes a radially extending 

55 baffle that operates in conjunction with the centri- 
fugal pressure head defined by the Lee patent 
(discussed above). 
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The conveyor of the present invention includes 
a central hub extending for a portion of the longitu- 
dinal length of the centrifuge bowl. In one embodi- 
ment the central hub extends for a portion of the 
separating zone of the centrifuge and also for a 
portion of the frusto-conicaJ section of the bowl. 
The hub is preferably positioned radially inward of 
the spillover position within the bowl (defined by 
the heavy phase weir surface). The conveyor fur- 
ther includes a series of longitudinally-extending 
ribs attached to the central hub and projecting 
radially from the hub. The conveyor flights are 
mounted on the outside edges of the ribs in both 
the separating zone and the discharge zone of the 
bowl. 

An additional feature of the conveyor of the 
present invention is the creation of a housing free 
feed zone. The feed zone is axially located be- 
tween the cylindrical section of the conveyor hub 
portion and the conical section of the conveyor hub 
portion. The radially outer boundary of the feed 
zone includes a series of ribs extending radially 
from a position "below spillover" (i.e., the inside 
radius of the ribs is larger than the solids discharge 
radius) and then into the pond. The ribs also form 
structural support for the conveyor by extending 
axially across the feed zone and by being attached 
at opposite ends to the two conveyor hub portions. 
The ribs are totally immersed into the pond. This 
ribbed region outward of the feed zone of the 
conveyor hub is the feed portion of the separation 
zone. 

A feed pipe extends along the axis of the 
conveyor into the area between the two cylindrical 
hub portions. The feed zone is substantially unob- 
structed between the feed pipe outlet and the radi- 
ally inward position of the ribs within feed portion 
of the separation zone. The helical flight preferably 
extends along the axial length of the conveyor, 
including the feed zone. 

A series of channels are created between adja- 
cent ribs radially outward of the conveyor hub in 
both the cylindrical portion and the frusto-conical 
portion of the bowl. The conveyor hub of the 
present invention is preferably positioned radially 
inward of the pond surface. Thus, a restriction to 
the flow between the feed point and the light phase 
discharge path is defined by the series of conveyor 
flights as well as by the radially-extending ribs 
which extend longitudinally along the length of the 
conveyor hub. A series of openings may be pro- 
vided within the ribs in the separating zone of the 
centrifuge so as to permit crossover flow. The open 
feed zone substantially reduces the acceleration of 
the feed into the bowl. Thus, the lack of restrictions 
within the feed zone and the discontinuation of the 
conveyor hub permits the feed to move slowly in 
the radial direction upon its introduction into the 



bowl, and eliminates nozzles andresulting secon- 
dary flows, which may cause further turbulence. 
Also, the provision of radially-extending ribs within 
the frustoconical portion provides a positive decel- 

5 eration of the heavy phase moving inward toward 
the decanter centrifuge solids discharge openings. 

Further structures and instrumentalities are 
contemplated for use with the present invention. 
These structures will be discussed in more detail 

io below and will be apparent to those skilled in the 
art upon review of the specification and drawings. 

Brief Description of the Drawings 

15 For the purpose of illustrating the present in- 

vention, there is shown in the drawings a form 
which is presently preferred; it being understood, 
however, that this invention is not limited to the 
precise arrangements and instrumentalities shown. 
20 Figure 1 shows a side plan view of a decanter 

centrifuge including a conveyor in accordance with 
the present invention. 

Figure 2 shows an enlarged view of the con- 
veyor shown in Figure 1 with portions thereof 
25 shown in cross-section. 

Figure 3 shows a cross-sectional view of the 
separating zone of the decanter centrifuge as taken 
along line 3-3 in Figure 1. 

Figure 4 shows a cross-sectional view of the 
30 feed zone of the decanter centrifuge as taken along 
line 4-4 in Figure 1 . 

Figure 5 is a cross-sectional view of the dis- 
charge zone of the decanter centrifuge as taken 
along line 5-5 in Figure 1 . 
35 Figure 6 is a cross-sectional view of the feed 

zone of the decanter centrifuge as taken along line 
6-6 in Figure 1 . 

Detailed Description of the Invention 

40 

In the drawings, where like numerals indicate 
like elements, there is shown in the figures a de- 
canter centrifuge which is generally referred to by 
the numeral 10. With reference to Figure 1, the 

45 decanter centrifuge 10 generally comprises an im- 
perforate bowl 12 (shown in cross section) which is 
mounted for rotation about its central longitudinal 
axis. Coaxially mounted within the bowl is a screw 
conveyor 14. Surrounding the bowl 12 is a casing 

so or housing 1 6 (also shown in cross section). 

The bowl 12 generally comprises a cylindrical 
section 18 and a frusto-conicaJ or tapered section 
20. The inclined surface of the tapered section 20 
is generally referred to as the beach 22. At the top 

55 of the beach 22 (at the smaller radius end of the 
tapered section 20) there is provided a discharge 
path 24 for discharge of the heavy phase material 
from the bowl 12. The heavy phase material, which 
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is separated by the centrifugal force created by 
rotation of bowl 12, is moved by the conveyor 14 
(rotating at a slightly different speed than the bowl) 
along the inside surface of the bowl 12 and up the 
beach 22, and is discharged over weir surfaces 26 
(one being shown in Figure 1) at the edge of the 
discharge path 24. The radial position of the heavy 
phase discharge weir surface 26 generally defines 
the "spillover" position within the bowl. The spil- 
lover line is referred in the figures by the numeral 
28. 

As illustrated in the figures, the conveyor 14 
includes flights (62) having a right-handed pitch. 
Thus, for discharge of the heavy phase to occur 
through path 24, the bowl 12 will rotate at a speed 
less than that of the conveyor 14. It should be 
noted that a left-handed conveyor pitch is also 
possible with the differential speed being created 
by the bowl rotating faster than the conveyor. 

At the end of the bowl 12, opposite the tapered 
section 20, is provided a light phase discharge path 
30. The light phase discharge path 30 is defined by 
a series of openings 32 in the bowl head 34. As 
illustrated, the bowl head 34 is provided with 
means 36 for adjusting the radial position or the 
pond surface within the bowl 12. This adjustment 
means 36 as illustrated is formed in accordance 
with Application No. PCT/US91/07306 filled Octo- 
ber 7, 1991 and titled "INFLATABLE DAM FOR A 
DECANTER CENTRIFUGE". This application is 
herein incorporated by reference. Adjustment 
means 36 is contemplated to be capable of posi- 
tioning the pond surface within the bowl radially 
inward of spillover line 28. A ring dam . 30a may 
also be used in place or means 36 to set the pond 
surface. 

The screw conveyor 14 further comprises a 
radially extending disc 38 located adjacent the joint 
between the cylindrical section 18 and the tapered 
section 20 of the bowl 12. The disc 38 is con- 
templated to extend into the heavy phase layer 
within the bowl (not shown) during separation of the 
feed. The operation of the adjustment means 36 or 
ring dam 30a at a position where the pond surface 
is above-spillover, in conjunction with the formation 
of a restricted passageway by disc 38, creates a 
centrifugal pressure head and a supplemental dis- 
charging force for the heavy phase added to the 
discharge force created by the differential speed of 
the bowl and the helical conveyor flights, in accor- 
dance with Lee U.S. Pat. No. 3,795,361 (discussed 
above and herein incorporated by reference). 

As shown in Figure 1, the bowl 12 of the 
centrifuge 10 is generally divided into a separation 
zone 64 and a discharge zone 66. In a centrifuge 
with a baffle or disc 38, the dividing line between 
these zones 64, 66 is the restricted passageway 
formed by the baffle 38 and the bowl wall 18. 



Adjacent baffle 38 on the separation zone 64 side 
thereof is a feed portion 46 wherein the feed liquid 
is introduced into the bowl from the feed zone 50 
within the conveyor hub 40. 
5 The screw conveyor 14 of the present inven- 

tion shown in Figure 1 is more particularly illus- 
trated in Figure 2. The conveyor 1 4 generally com- 
prises two cylindrical hub sections 40 and 58. each 
having an outside radius less than the radius of the 

w spillover line 28. Thus the first hub section 40 and 
the second hub section 58 are positioned radially 
inward of the weir surfaces 26 of the heavy phase 
discharge path 24 (Figure 1) and, preferably, radi- 
ally inward of the maximum pond surface position 

75 created by adjustment means 36. Thus, both hubs 
40 and 58 do not touch the pond within the rotating 
bowl. The first hub section 40 is generally formed 
within the cylindrical section 18 of the bowl 12. 
Projecting radially outward therefrom is a series of 

20 ribs 42. The ribs 42 project from, the hub 40 to a 
position well below spillover line 28. A series of 
openings 44 are provided within the ribs 42 along 
the axial length of the first hub section 40. The 
openings 44 permit light phase/liquid to flow be- 

25 tween adjacent channels (or chambers) formed by 
the ribs 42 to equalize the flow. 

Adjacent to the first hub section 40 is formed a 
feed portion 46 of a separating zone 64. The feed 
mixture is introduced into this portion 46 from the 

30 feed zone 50, which in turn receives feed from feed 
pipe 48. The feed pipe 48 extends along the cen- 
tral axis of the conveyor 14 (and the bowl 12). The 
feed mixture is introduced into the feed zone 50 
formed radially inward of the spillover line 28 adja- 

35 cent to hub section 40. The feed exits feed pipe 48 
and strikes the feed target 52 provided on wall 54 
which closes the first hub section 40. The feed 
then enters the feed zone 50. Thereafter, the feed 
moves radially outward into the feed portion 46 of 

40 the separation zone 64. . 

A second set of radially-extending ribs 56 is 
formed within the feed portion 46 of separating 
zone 64, between the first set of ribs 42 and baffle 
38. These feed ribs 56 are rigidly joined to the first 

45 hub section 40 as well as to the disc 38 and ribs 
42. As will be discussed in further detail below, 
feed ribs 56 form a stiff structural continuity of the 
conveyor 14 within the feed portion 46. The feed 
ribs 56 initiate at a radial position below (radially 

so outward of) the spillover line 28 (and thus below 
the pond surface within the bowl) and extend radi- 
ally outward therefrom. The extension of the feed 
ribs 56, as is illustrated in Figure 2 (and the subse- 
quent figures), is preferably greater than that of the 

55 first set of ribs 42. 

Within the tapered portion 20 of the bowl 12 is 
provided a second cylindrical hub section 58. The 
second hub section 58 includes a series of radiaJly- 
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extending ribs 60. This third set of ribs 60 extend 
radially from the hub 58 with their peripheral edge 
being angled with respect to hub 58 at approxi- 
mately the same taper as beach 52. Preferably, 
this third set of ribs 60 is of generally the same 
shape and structure as the first set of ribs 42 
except for the angling with respect to the hub 
section 58. As illustrated, the hub 58 may have a 
series of openings 70 provided therein to reduce 
the overall weight of the rotating structure, permit 
spillover from feed zone 50 to pass into the pond, 
and permit venting of the interior of the hub 58 into 
the casing 16 through solids opening 24. Ribs 60 
are rigidly joined to the solids discharge zone face 
of disc 38 and to hub 58. 

As can be seen in Figure 2 (as well as Figures 
3 and 4), a continuous helicaJ conveyor flight 62 is 
provided along the length of the conveyor 14. Con- 
veyor flight 62 generally forms a conveyor whose 
inside diameter is not directly in contact with the 
conveyor hub 40 or 58. The conveyor flight 62 is 
attached to the peripheral surface of the rib sets 
42, 56 and 60 and disc 38. Feed ribs 56 are 
contemplated to extend radially past (outward of) 
the extension of the first set of ribs 42. Notches are 
formed on the inside edge of the flight 62 as it 
passes over the feed ribs 56. An open area with 
radial ribs is defined radially inward of the inside 
surface of the conveyor flight 62, including the 
separating zone 64 (which includes the feed portion 
46) and the discharge zone 66 (see Rgure 1). 

Typically, large diameter hubs are used to de- 
velop the necessary transverse and torsional stiff- 
ness of the conveyor within a decanter centrifuge. 
As indicated previously, the natural frequency of 
the conveyor must be significantly higher than the 
maximum operating rotational speed in order to 
avoid destructive vibration. On existing decanter 
centrifuges, a reduction in the hub diameter sub- 
stantially lowers the natural frequency of the con- 
veyor, and thus limits the speed of the centrifuge. 
Not only will the low natural frequency affect suc- 
cessful operation, but in long conveyors, deflection 
of the conveyor may cause destructive contact 
between the conveyor flights and the inside of the 
bowl wall. 

In the conveyor 14 as shown and contemplated 
by the present invention, the diameter of hub sec- 
tions 40 and 58 have been reduced substantially so 
that even with a greatly reduced spillover radius, 
the pond surface 28 does not touch the outside 
diameter of hub portions 40 and 58. In order to 
create the necessary stiffness for high speed op- 
eration, ribs 42 and 60 have been added. In the 
area of the feed portion 46 of separating zone 64, 
the hub has been eliminated completely. The feed 
ribs 56 form the structural continuity of the con- 
veyor 14 along the length of the feed zone 50 and 



the discontinuity of the conveyor hub sections 40 
and 58. As illustrated, the feed ribs 56 are gen- 
erally heavier, i.e., larger in cross-section, than the 
first or third set of ribs 42 and 60, respectively. The 
5 relative dimensional relationship between these ribs 
is illustrated in Rgure 3. 

Figure 3 shows a cross-sectional view of the 
decanter centrifuge 10 of the present invention: 
The cylindrical portion 18 of the bowl 12 concen- 

io trically surrounds the conveyor 14. The conveyor 
flight 62 spirals around ribs 42 and 56 and the 
cylindrical conveyor hub 40. The peripheral edge 
of the conveyor flight 62 is positioned closely adja- 
cent the inside surface of the wall of bowl 12. In 

75 the cylindrical section 18 of the bowl 12, the radi- 
ally-extending ribs 42 are attached to the periphery 
of the conveyor hub 40 and extend outwardly 
therefrom. The conveyor flight 62 is attached to the 
peripheral edge of the ribs 42 and 56. 

20 As illustrated in Rgure 3, certain ribs 42 are 

shown having openings 44 therethrough for cross 
flow of liquid between the channels formed thereby 
to assure uniform flow distribution. The generally 
axial flow path for the liquid flow radially inward of 

25 the conveyor flight 62 and outward of the conveyor 
hub 40 is generally identified by the numeral 68. 

In Rgure 3, the separating zone 64 side of 
baffle 38 is visible. In addition, the feed ribs 56 
outside of the feed zone 50 (see Rgure 2) are also 

30 visible. The feed ribs 56 have a heavier cross- 
section than that of the first set of ribs 42. As 
indicated previously, the larger size of the feed ribs 
56 is for structural continuity and stiffness of the 
conveyor in the area where the conveyor hub is 

35 discontinued. The first set of ribs 42 have a non- 
symmetrical cross-section. The form of this cross- 
section as illustrated is intended to maximize the 
cross-sectional area at the outer periphery of the 
ribs and to maximize the bending moment of iner- 

40 tia of the composite section consisting of tube 40 
and ribs 42 while minimizing the suspended weight 
of the conveyor 14. Feed ribs 52 also extend to a 
larger radius than ribs 42 to maximize the bending 
moment of inertia of the composite conveyor sec- . 

45 tion. 

In Rgure 4, there is shown a cross-sectional 
view of the decanter 10 as seen in the feed portion 
46 of the separating zone 64 as viewed toward 
bowl head 34. Again, the conveyor flights 62 are 

so positioned on the radially-extending ribs 56 and are 
located closely adjacent the inside wall of the cylin- 
drical section 18 of bowl 12. The feed pipe 48 
extends into the feed zone 50 to direct the feed 
toward the feed target 52 and the sealing wall 54. 

55 The feed moves radially outward from the feed 
zone 50 and into the pond formed within the bowl 
(not shown). The liquid in feed zone 50 is acceler- 
ated slowly to the rotational speed of the conveyor. 
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This slow acceleration is due to the lack of any 
accelerating surface within feed zone 50. The slow 
acceleration causes the volume of feed in zone 50 
to increase so that its centrifugal pressure forces 
outward movement The increased volume of feed 
within zone 50 results in a longer residence time 
for the feed and a lower rate of energy input to the 
feed from the conveyor. This increased volume and 
reduced energy rate also results in a reduction of 
feed solid particle breakup and an improved sepa- 
ration performance. 

Because of the enlarged area through which 
the feed liquid can reach the level of the pond 
(without passage through nozzles and openings 
which create concentrated flows or jets), turbulence 
is avoided in the feed portion 46 of separation zone 
64. The feed ribs 56 within the pond serve to 
create a positive acceleration of the feed in the 
pond. Thus, turbulence is also minimized as the 
feed solids move radially outward through the rotat- 
ing pond. However, the liquid which initially sepa- 
rates from the feed (due to this rotation) is free to 
move radially inward toward the light phase dis- 
charge 32. 

Improved stability is created in the feed portion 
46 of the separating zone 64 due to the radially- 
extending feed ribs 56. Moreover, since the con- 
veyor flight 62 extends through the feed portion 46, 
there is no reduction in the ability of the conveyor 
14 to discharge heavy phase/solids out of the bowl 
12 as a consequence of this improved stability. 
The slow acceleration of the feed in feed zone 50 
reduces the velocity of the feed entering the sepa- 
rating zone 64 and reduces damage to the "solid" 
particles in the feed by reducing the rate of energy 
dissipation created during its introduction. More- 
over, separation which has already occurred or 
which begins to immediately occur upon introduc- 
tion of the feed into the pond is not detrimentally 
affected by turbulence due to continued introduc- 
tion of feed. 

In addition, by continuing the extension of the 
ribs through the separating zone 64, such as by 
ribs 42, radial flows and vortex turbulence near the 
light phase discharge 32 are minimized. This fur- 
ther reduces turbulence within the bowl adjacent to 
bowl head 34. Also, since the ribs 42 (as well as 
feed ribs 56 and discharge zone ribs 58) add 
structural stability to the conveyor, the conveyor 
hub 40 may be formed radially inward of the pond. 
This eliminates the possibility of grease collecting 
on the outside surface of the conveyor hub. Grease 
is typically lighter than the light phase/liquid and 
will float on the pond, collecting on an immersed 
conveyor hub and resulting in a restriction to the 
flow toward the light phase discharge 32. The sep- 
arated grease will float on the pond surface and 
pass out through the light phase discharge path 30 



through openings 32. Since the grease does not 
collect on the conveyor hub 40, a periodic flush of 
hot water is not required (further reducing cost of 
operation). 

5 In Figure 5, there is shown a cross-section aJ 

view of the decanter centrifuge 10 of the present 
invention as taken through the discharge zone 66 
(see Figure 1) and as viewed toward the discharge 
zone side of the baffle 38. As can be seen in 

io Rgure 5, the third set of ribs 60 generally take the 
cross-sectionaJ form of the first set of ribs 42 (as 
particularly illustrated in Rgure 3). The third set of 
ribs 60 are angled with respect to the cylindrical 
surface of the conveyor hub section 58. In Rgure 

75 5, the upper surface of each rib 60 is partially 
visible. 

In the decanter centrifuge 10 illustrated in the 
drawings, the feed pipe 48 extends into the open 
feed zone 50 through the tapered end 20 of the 

20 bowl 12. The feed pipe 48 is usually not rotating 
and is positioned along the axis line of the con- 
veyor hub 58 and the bowl 12. As discussed pre- 
viously, a series of openings 70 are provided in the 
conveyor hub 58 within the discharge zone 66. 

25 Again, conveyor hub 58 is positioned radially in- 
ward of the spillover line 28. This allows venting 
from the interior of hub 58 into casing 16 through 
passageway 24. 

In Rgure 5, the face of the baffle 38 is visible 

30 and generally forms the rear wall of the discharge 
zone 66. As more particularly shown in Rgure 2, 
the baffle forms a circular disc which is mounted to 
the separation zone 64 portion of the conveyor 14 
by means of its attachment to the feed ribs 56. 

35 Since operational conditions for different customers 
may require modification of the baffle 38, an exten- 
sion lip 72 is provided on the peripheral edge of 
the baffle plate 38. As illustrated, the extension lip 
72 is formed in three portions. The first portion 72a 

40 extends from the position 74 where the conveyor 
flight 62 crosses the baffle 38 to a position approxi- 
mately 120 * therefrom. At this second position 76, 
a short conveyor flight section 78 is provided which 
also crosses the baffle 38. The second portion of 

45 the extension lip 72b extends from the second 
crossing position 76 to the third crossing position 
80 where a second short conveyor flight 82 is 
provided. The third crossing position 80 is approxi- 
mately 120° from the second crossing position 76 

50 and from the crossing position 74 of the conveyor 
flight 62. The short conveyor flight portions 78, 82 
provide conveying action in the areas of the bowl 
away from the continuous conveyor flight 62. The 
short conveyor portions 78, 82 are intended to 

55 create a more even flow of heavy phase material 
from the separation zone 64 through the annular 
restricted passageway formed by the baffle 38 (and 
the extension lip 72) and inside wall of the bowl 22. 
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An even flow of separated heavy phase material 
into the discharge zone 66 decreases the likelihood 
of return flow of concentrated solids materials 
passing back through the restricted passageway. 
This reduced "secondary" flow decreases the like- 
lihood of a washout The additional flight portions 
78 and 82 also result in an improved control of the 
operation of the centrifuge when varying the con- 
veyor speed. 

Figure 6 is a cross-sectional view of the de- 
canter centrifuge 10 as contemplated by the 
present invention showing the feed zone 50 and 
taken in the direction of the separation zone side of 
the baffle 38. Figure 6 also illustrates the position 
of the short conveyor flight portions 78, 82 and 
their relationship with respect to the crossing posi- 
tion 74 of continuous conveyor flight 62. A series of 
short ribs 84 are positioned on the face of the 
extension lip 72 and extend into the feed zone 46. 
The number of short ribs 84 correspond directly to 
the number of ribs 56 in the feed portion 46 of the 
separating zone 64. The short ribs 84 further serve 
to provide an even acceleration of the materials 
adjacent to the restricted passageway and, as 
such, are intended to minimize non-unrform, con- 
centrated flows, which may result in turbulence and 
a channeling of the feed liquid through the sepa- 
rated heavy phase, creating a washout condition. 

As illustrated in Figure 6, the feed accelerating 
ribs 56 include a cap structure 86 on the inside 
surface thereof. These caps 86 are positioned radi- 
ally outward of the spillover line 28 and generally 
form hardened wear inserts. Caps 86 are intended 
to minimize the effect of the accelerating feed on 
the inside surface of the ribs 56. Each cap 86 
generally comprises a base unit 88, having a car- 
bide or other wear resisting surface 90 thereon, 
and are attached to the ribs 56 by bolts 92. It is 
noted that the wear surface 90 is angled with 
respect to the radially-extending surfaces of adja- 
cent ribs 56. Various angles and curvatures are 
contemplated for the accelerating face 90 of caps 
86 to alter the direction of the primary feed flow as 
are done with conventional directional nozzles. The 
angle is contemplated to direct the accelerating 
feed into the pond centrally of the adjacent ribs 56. 
Thus, a channeling effect will not occur by an 
acceleration of material along the leading side of 
the ribs 56. Also illustrated in Figure 6 is a series 
of feed acceleration vanes 94 which are mounted 
on a disc 96 attached to baffle 38. The feed accel- 
eration vanes 94 are intended to redirect the feed 
liquid which tries to leave feed zone 50 of the feed 
zone 46 radially outward toward the pond, thus, 
avoiding feed entering the hub 50. Acceleration 
vanes 94 further serve to stabilize the flow of feed 
into the pond. 



The structural features of the conveyor of the 
present invention, i.e., the combination of a re- 
duced conveyor hub diameter and supporting ribs, 
create a structural unit which is capable of wrth- 
5 standing high speed operating conditions on a de- 
canter whose length to diameter ratio is greater 
than 4 to 1. Also, the maximum depth of pond is 
substantially increased without requiring a corre- 
sponding increase in the diameter of the bowl. 
io Moreover, the contemplated feed zone and forma- 
tion of the axial ribs creates a flow turbulent feed 
and separation within the bowl, maximizing low 
stability and performance results. The conveyor 
design illustrated, when compared to a conven- 
es tional conveyor within the same bowl envelope, 
resulted in approximately 27% higher natural fre- 
quency and a 19% reduced weight The higher 
natural frequency permits operation at higher 
speeds, if desired. Reduced weight results in re- 
20 duced costs and easier lifting. In addition, the feed 
zone as illustrated results in the residence time 
increasing by a factor of four and an exit velocity at 
one-tenth that of a standard conveyor feed zone. 
These advantages, plus the other advantages pre- 
25 viously mentioned, resulted in a 27% increased 
capacity at stable operation compared to a conven- 
tional conveyor design when processing a waste 
activated sludge (a "difficult-to-convey" material) 
under the same conditions. Also, periodic hot flush- 
30 ing of accumulated grease on the bowl, hub is no 
longer needed to maintain high separation perfor- 
mance. 

Further advantages should become apparent 
by those skilled in the art upon reviewing the 

35 present specification and drawings. However, the 
present invention may be embodied in other spe- 
cific forms without departing from the spirit or 
essential attributes thereof, and accordingly, refer- 
ence should be made to the appended claims, 

40 rather than to the foregoing specification, as in- 
dicating the scope of the invention. 

Claims 

45 1. A centrifuge having a bowl adapted for rotation 
about its central longitudinal axis, the cen- 
trifuge comprising: 

a rotatable conveyor coaxially mounted 
within the centrifuge bowl, 
so a central hub extending for at least a por- 

tion of the longitudinal length of the bowl, 

feed means for introducing feed liquid into 
the bowl, 

a series of radially extending support ribs 
55 attached to the periphery of the central hub, 

the ribs formed to maximize the sectional area 
of the projected end of the ribs away from the 
axis of rotation and the moment of inertia of 
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the conveyor, and 

a helical conveyor flight attached to the 
series of ribs arid extending to a position adja- 
cent the bowl. 

5 

2. A centrifuge as claimed in claim 1 wherein the 
central hub of the conveyor is cylindrical. 

3. A centrifuge as claimed in claim 2 wherein the 
central cylindrical hub is substantially hollow. 10 

4. A centrifuge as claimed in claim 1 wherein the 
conveyor further comprises: 

a discontinuity along the length of the cen- 
tral hub. 75 

an open feed zone formed in the dis- 
continuity of the hub. and 

the series of ribs extending across the 
discontinuity within the hub and forming the 
structural integrity of the conveyor in the area 20 
of the feed zone. 

5. A centrifuge as claimed in claim 4 wherein the 
ribs adjacent to the discontinuity in the hub 
have a greater cross-sectional area than the 25 
ribs extending from the periphery hub portion 

of the conveyor. 

6. A centrifuge as claimed in claims 4 or 5 
wherein a radially-extending disc is provided 30 
adjacent the discontinuity in the hub and pro- 
jects radially outward from the hub* to form a 
restricted passageway between the periphery 

of the disc and the bowl of the centrifuge. 

35 

7. A centrifuge as claimed in claim 6 wherein the 
bowl includes a series of discharge outlets 
formed at a radial position with respect to the 
longitudinal axis of the bowl and wherein the 

hub of the conveyor is formed radially inward 40 
of the discharge outlets. 

8. A centrifuge as claimed in claim 1 wherein the 
ribs include a tapered area at the attachment 
thereof and progressively increase in area to- 45 
ward the periphery thereof. 

9. A centrifuge as claimed in claim 8 wherein the 
helical conveyor flight is attached at its radially 
inwardmost position to the periphery of the 50 
radially-extending ribs thereby forming an 
open area between the ribs and between the 
central hub and the inner diameter of the flight. 

10. A centrifuge as claimed in claim 9 wherein the 55 
series of ribs include transverse openings for 
communication between open areas between 
adjacent ribs. 



11- A decanter centrifuge comprising: 

a bowl rotatable about its central longitudi- 
nal axis; 

a conveyor coaxially mounted with the 
bowl and adapted for rotation at a differential 
speed with respect to the bowl, the conveyor 
comprising 

a central hub extending for a portion of the 
longitudinal length of the conveyor. 

a series of radially-extending ribs attached 
to the central hub portion. 

an open feed zone defined by an axial 
discontinuity of the central hub, 

a series of radially-extending acceleration 
ribs traversing the length of the feed zone and 
connected at opposite ends to the central hub. 
and 

a spiraled conveyor flight positioned radi- 
ally outward of the central hub and connected 
to the series of radially-extending ribs on its 
inside diameter thereof; and 

feed means for directing a liquid into the 
feed zone for slow acceleration into the sepa- 
rating zone for separation into constituent parts 
by the rotation of the bowl. 

12. A decanter centrifuge for separately discharg- 
ing light and heavy phase constituents of a 
feed mixture which are separated by the cen- 
trifugal force created by the rotation of the 
centrifuge, the centrifuge comprising: 

an imperforate bowl mounted for rotation 
about its central longitudinal axis, the bowl 
comprising a cylindrical section and a frusto- 
conical section at one end, 

a discharge path provided for the heavy 
phase material within the restricted end of the 
frusto-conical section of the bowl. 

a discharge path provided for the light 
phase material at the opposite end of the bowl 
from the heavy phase discharge path. 

the heavy phase discharge path defining a 
weir surface, over which the separated heavy 
phase is discharged, the radial position of the 
heavy phase discharge weir surface defining 
the spillover position for the pond of heavy and 
light phase materials within the bowl; 

a conveyor coaxially mounted within the 
bowl and adapted for rotation at a differential 
speed with respect to the bowl, the conveyor 
comprising 

a central hub extending for at least a por- 
tion of the longitudinal length of the cylindrical 
section of the bowl and at least a portion of the 
frusto-conical section of the bowl, the hub po- 
sitioned radially inward of the spillover position, 

a series of longitudinally-extending ribs at- 
tached to the central hub and projecting radi- 
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ally from the hub, 

a feed zone positioned between the cylin- 
drical section conveyor hub portion and the 
conical section conveyor hub portion, 

a series of ribs extending across the feed s 
zone and attached at opposite ends to the 
conveyor hub portions, and 

a conveyor flight attached at its inside 
surface to the longitudinal ribs and to the ribs 
across the feed zone; and 10 

means for feeding a feed liquid into the 
feed zone. 

13. A centrifuge having a bowl adapted for rotation 
about its central longitudinal axis, the cen- is 
trifuge comprising: 

a rotatable conveyor coaxially mounted 
within the centrifuge bowl, the conveyor includ- 
ing a central hub extending for at least a 
portion of the longitudinal length of the bowl 20 
and having a discontinuity therein between ad- 
jacent sections thereof, 

feed means formed in the discontinuity of 
the hub for introducing feed liquid into the 
bowl, the feed means introducing feed liquid 25 
into the open area of the discontinuity, 

a series of radially-extending support ribs 
attached to the sections of the conveyor hub 
on opposite sides of the discontinuity, and 

a helical conveyor flight extending axially 30 
along the length of the conveyor and extending 
radially to a position adjacent the bowl. 

14. A centrifuge as claimed in claim 13 wherein 

the series of ribs extend axially along the 35 
length of the conveyor, a portion of the ribs 
attached to the hub and projecting radially 
outward therefrom. 

15. A centrifuge as claimed in claim 14 wherein 40 
the ribs attached to the conveyor hub are 
formed to maximize the sectional area at their 
projected end away from the axis of rotation 

and to maximize the moment of inertia of the 
conveyor. 45 

16. A centrifuge as claimed in claim 15 wherein 
the ribs extending across the discontinuity in 
the hub have a greater cross-sectional area 
than the ribs attached to the periphery of the so 
hub, the ribs extending along the discontinuity 

in the hub forming the structural integrity of the 
conveyor in the area of the hub discontinuity. 
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